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Abstract
An important surface of Maramureş County is historically polluted, mainly due to mining and metallurgical
activities carried out for decades in this part of the country. The negative effects on the ecosystems from the adjacent
areas fully justify ecological activities which were supported by a major financial investment. This was made in the
western area of Baia Mare City, especially in the residential neighbourhood of the tailing dump Meda which was
rehabilitated in 2004. Subsequent monitoring of the environmental factors completes the functioning of already made
investments. The observation performed in the field and the data collected during 2009-2011 period recommend a study
on the some macro and micronutrients supply from the freshly applied soil, because the surface is still subjected to
anthropogenic pressure. The present study emphasizes the contents of some microelements potentially toxic and their
importance as nutritive elements for plants as well as the soil ability for supplying nitrogen and humus, in terms of the
important urban development projects provided by the municipality on this rehabilitated surface.
Keywords: micronutrients, nitrogen, humus, rehabilitation, tailing pond.
1. Introduction
Mining industry which is essential in the
progress of countries creates substantial impacts on
environmental, especially in the past when the
environmental concerns had poor attention.
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Consequently, after decades of intense
exploration without or with low environmental
protection issues, and after many of the companies
which conducted those exploitations cosed or
bankrupt, the countries governments stayed with
huge environmental liabilities, of difficult resolution
and costs associated with these kinds of
environmental liabilities are huge [12].
Known for decades as one of the largest
suppliers of nonferrous and precious metals to
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Romania, Maramureş County is facing
nowadays major environmental protection issues
[13]. Specialists estimated that 25,000 ha of the
county surface were historically polluted with heavy
metals [21].
Metals do not undergo degradation or
decomposition as occurs with organic compounds.
A set of biotic and abiotic processes are responsible
for the metal behaviour in soils as ion sorption,
dissolution and precipitation and also assimilation or
immobilization by living organisms [1]. Human
activities, like mining, influence the conversion of
non-reactive into more soluble and available
reactive metal forms [19]. Bioavailability which is
closely dependent on biological, chemical and
physical factors is essential in determine the extent
and magnitude of biological responses [5, 1].
Many of the rehabilitation processes of
metalliferous mines are focused in the tailings top
sealing by applying layers of geotextiles and
remobilized an uncontaminated soils from other
places on which grows plant cover.
A soil development and the establishment of a
vegetation cover are crucial in a mining
rehabilitation process [2, 3]. Active and passive
treatments of seepage or mine drainage waters are
also frequently used [4, 8]. Since the precipitation
and dissolution of mineral phases control the
amounts of metals in aqueous solutions, the
adsorption processes by chemical adding or by
using natural materials can be a low-cost and non-
invasive alternative to reduce the bioavailability of
metals in environment [19, 7).
This study was performed in the old Meda
tailing pond, located in the Western part of Baia
Mare City, which was used for mining tailings
deposition from the 15 years activity of the Săsar
ores Processing Plant. Even at the beginning of its
activity, the tailing pond was considered as a major
polluter factor, mainly due to the high metals levels
present on its surface.
The initiative of a joined Romanian-
Australian company to process the entire amount of
accumulated tailings was considered beneficial. The
reprocessing of old tailings is considering as a good
practice for improving environmental, economic and
socially-acceptable conditions by de European
Economic and Social Committee [20]. At the end of
the processing, the company undertook the task to
rehabilitate the surface after processing the tailing
pond content.
Even most of the metals are considered
dangerous for environment, however in some
concentrations they are essential micronutrients for
plants. Based on this consideration, and as one of
the rehabilitation tasks of this tailing pond was to
potentiate a plant cover growth, the present study
aims to inventory of Mn, Cu and Zn since they are
important micronutrients for plants but they can also
represent potentially toxic elements when present in
high amount, and the ability with supply nitrogen
and humus of the soil, after a period of 9 years since
the end of the rehabilitation process.
During this period (2005-2011) no
maintenance activities on the old Meda dump area
was performed.
2. Experimental
2.1. Description of the studied area and soil
sampling
The investigated area is located in NW of
Baia Mare City, on the outskirts of the residential
area with the same name, very close to Săsar River
(Fig. 1). The Meda tailing pond with 21.4 ha had
been used in 1960-1975 period as a deposit for
mining waste originated from ores processing,
mostly non-ferrous and golden-silver ones.
In 2002 a Romanian-Australian company
finished the exploitation of the mining tailings and
began the rehabilitation of the surface tailing Meda
pond, which was completed in 2004. The activity
was performed by removing the surface layer of
affected soil and replacing it by a supposedly
uncontaminated soil. These soils (mainly lithosols
type) came from industrial areas of Baia Mare City
where it was necessary to remove them for the
construction of new edifications.
The self-monitoring process imposed to the
company by Romanian legislation ended in 2005.
An agrochemical study was conducted to determine
the correctly mix of the graminacae (grass) that has
been applied to obtain the green cover on the surface
and a calcium nitrate was used both as fertilizer and
as amendment to correct the soil pH. Observations
made during the field visits underline the fact that
the surface is well covered by vegetation and it is
mainly used for grazing.
The tailing pond, which covers a surface of
21.4 ha, has been gridded in squares with 75 m side
length and an area of 5625 m2. The sampling was set
in 32 points (Fig. 1) in each square centre at 0 - 20
cm depth using a stainless steel shovel, after leaves,
roots and stone removal. All the samples were
transported to the laboratory in polyethylene (clean
and labelled) bags. Therefore, the real surface on
which the 32 samples had been taken is
representative of 84.11% of the total rehabilitated
surface. The remaining surface area was not
considered for this study since it covers access
pathways, etc.
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In accordance with SR ISO 11464:1994, the
soil samples were dried in air (at room temperature)
and brought to constant mass [27]. Dried samples
were crushed manually using a mortar and pestle,
and sifted through a steel sieve with a 2 mm mesh.
The pH of the soil samples (soil reaction) was
determined in a volumic aqueous solution, in the
ratio 1volume soil: 2.5 volume deionized water,
mixed for 60 minutes on a magnetic stirrer (SR
7184-13:2001) [23]. The pH values were measured
immediately after the end of stirring using a pH-
meter, type WTW InoLab730 equipped with
SenTix®61 - glass electrode.
The extractable form (considered as total
form) of the study metals was determined after an
aqua regia digestion (SR ISO 11466:1999) [25].
An amount of 1 g of the dried soil sample
(fraction size particles < 150μm) was put into a
reaction flask mixed with a 21 ml solution of 12M
HCl and 7 mL of 16M HNO3, at room temperature
for 16 hours.
Then, the mixture was filtered and diluted
with 0.5M HNO3 up to a 100 ml volume. Metals
concentrations were determined by flame atomic
absorption spectrometry using a Perkin Elmer
Analyst 700 spectrometer, in accordance with the
SR ISO 11047:1999 analysis procedure [26].
The available metal contents (considered as
mobile forms for plants uptake), was determined
through by extraction method composed by EDTA
0.01M - CH3COONH4 1N combined solution at pH
of 7.00, according with RISSA Methodology [6].
After that, flame atomic absorption spectrometry
was used for determination of the micronutrients
amounts. Total nitrogen was measured in
accordance with SR ISO 11261:2000, modified
Kjeldahl method, in 3 steps: digestion, distillation
and titration [24]. Digestion was performed using a
block digestion (type Selecta 12) system equipped
with a neutralizing toxic vapours and an integrated
programmer for temperature and digestion time. An
amount of 1 g of dried soil sample, with a particle
size less than 200 μm, was placed in a Kjeldahl flask
with a 4 ml solution of salicylic acid in sulphuric
acid (25 g of salicylic acid in 1 L of sulphuric acid
1.84g/mL). The mixture was homogenized and the
Kjeldahl tube closed. After 12 hours, 0.5 g of
Figure 1. Meda tailing pond localization and soil sampling grid sketch
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powder Na2S2O3*5H2O and 1.25 g of Kjeldahl
catalyst (with TiO2) was added to the mixture.
Mineralization was conducted for 2 hours at 380 °C.
Mineralized samples were subjected to distillation in
a Nitro Pro type plant with vapour, fully automated.
Distillation was performed in the same tubes
in which digestion was performed, after prior
cooling and adding 20 ml of deionized water and 20
ml of the 10 M NaOH solution. Before the
beginning of distillation process, 25 ml of boric acid
solution (20 g/L) with mixed indicator (bromocresol
green and methyl red) were added in a titration
flask. Distillation equipment was set automatically
to run for 4 minutes with a rate around 25 mL/min.
After that a volume of 100 ml of the distillate
solution was collected and then titrated with a
0.01M of H2SO4.
The titration end point was considered when
the indicator solution became purple. Humus
content analysis was conducted by volumetric
titration as the STAS 7184/21:1982 standard method
[28]. The method principle consists in the of organic
carbon oxidation in presence of sulphuric acid with
Mohr salt and diphenylamine as indicator of the end
point of titration.
The values of total concentrations of
interested elements have been discussed in relation
with the Romanian legislation provisions (Table 1)
[22]
Table 1. Reference values (maximum allowable values) for chemical trace elements in soil (Mn, Cu, Zn), in
accordance with annex 1 of M.O. no. 756/1997
Micronutrient
mg.kg-1 (d.w.*)
Normal value for
soils with sensitive
and less sensitive
use
Alert threshold for Intervention threshold for
soils with
sensitive use
soils with
less sensitive
use
soils with
sensitive use
soils with
less sensitive
use
Mn total 900 1500 2000 2500 4000
Cu total 20 100 250 200 500
Zn total 100 300 700 600 1500
* d.w. – dry weight
According to provisions of RISSA
Methodology the maximum allowable values for
agricultural soil supply, present in the available
fraction, were established (dry weight) as: 1.5
mg.kg-1 Cu, 50 mg.kg-1 Mn and 3.0 mg.kg-1 Zn [6].
3. Results and Discussions
The analyse results were compared to the
values imposed by the Annex no. 1 of Order no.
756:1997, for the sensitive use soils, and to the
values imposed by the RISSA (Research Institute
for Soil Science, Agrochemistry) Methodology,
regarding the mobility, availability and
bioavailability of the micronutrients [6]. The soil pH
values (Table 2) with a mean value of 5.3 vary from
highly acidic to neutral [6, 16]. Since the soil pH
represents the ability to release H+ ions adsorbed in
mineral or organic components surface to pore
waters, its values largely influence metals mobility.
Also numerous studies have revealed that
availability and bioavailability of the different
metals are strictly dependent with the soil type, pH
and their concentrations in the natural background
[17, 18].
Elements of primary statistics regarding the
concentrations of trace elements studied in the both
forms (total and available) are outlined in Table 2.
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The values obtained of the total form of the
metals, were reported to the Romanian reference
values provided in the Annex no. 1 of Order no.
756/1997 [22].
The comparison highlights different framing
for each micronutrient. The concentrations of total
manganese ranged from 711 to 1360 mg.kg-1 of dry
weigh. Only 34% of the samples didn’t exceed  900
mg.kg-1 considered as the upper limit for usual
Mntotal contents in soils, but the rest of samples
exceed this limit in 1.87 to 3.58 times.
All samples showed Mntotal levels that are
under threshold alert values for less sensitive use
soils.
Although Mn has not been considered to be
pollutant of high relevance in soils, the values found
in these soils far exceed the concentration of 437
mg.kg-1 calculated as the average content in
uncontaminated soils [9].
Reimann and Caritat (1998) show an
estimated mean value of 530 mg.kg-1 for soils in
world, which is also below the determined contents
of the sample soils [14]. The available levels of
manganese were below the provided normal value.
The amounts of the available fraction of Mn are
16% to 33% lower than the total amounts.Total
copper amounts ranged from 20.6 to 89.5 mg.kg-1
with a median value of 40.1 mg.kg-1 and an average
of 42.8 mg.kg-1, which is high than the mean value
(25 mg.kg-1) estimated by Reimann and Caritat
(1998) for uncontaminated soils [14]. All samples
showed enrichment from 1.03 to 4.48 times higher
than the normal concentrations, but were below the
alert values for the sensitive use soil. The amounts
of Cu present in the available form were below the
normal value provided by Order no. 756/1997
(Annex no.1) [22]. Only for one sample the normal
value was exceeded by 1.025 times.
Table 2. Basic statistics of the pH values and trace metals concentrations
Basic statistics indicators
pH,
pH
units
Manganese,
mg.kg-1 (d.w.*)
Copper,
mg.kg-1 (d.w.*)
Zinc,
mg.kg-1 (d.w.*)
total available total available total available
Minimum 3.4 711 139 89.5 20.5 110 26.8
Maximum 7.2 1360 380 20.6 6.9 584 135
Average 5.3 979 217 42.8 11.6 218 61.2
Median 5.4 916 204 40.1 11.3 184 53.7
Standard deviation 0.9 164 63.7 15.5 2.91 106 28.1
* d.w. – dry weight
The amounts of Cu in the available fraction
are 20% to 47% lower than in the total fraction.
Zinc concentrations exceed in 93.75% of the
samples the maximum limit value considerer as the
typical Zn levels in soils [22], which represents an
enrichment interval ranging from 1.02 to 5.11. Also
18.75 % of analysed samples exceed the alert
threshold value for sensible use soils but not reach
the alert threshold value for less sensible use soils.
The values determined exceed the mean levels (64
to 70 mg.kg-1) reflecting the typical amounts of Zn
in soils [14, 9]. The amounts of zinc in the available
fraction exceed the normal value provided by the
Romanian legislation in 16% of analysed samples
up to 1.35 times the maximum value. In comparison
with the values in the total fraction, the Zn
concentrations in the available form range from 20%
to 37% lower. The average content of the
micronutrients extractable in aqua regia (total
amounts) decreases in the order Mntota l > Zntota l >
Cutotal. The Pearson coefficients indicate a
significant statistically correlation of the pH reaction
with Mntotal (Table 3). Similarly to other studiesthe
Pearson coefficient values show dependence of the
total form of the manganese concentrations of the
pH reaction [10].
The average content of the microelements
extractable in combined solution EDTA 0.01M
CH3COONH4 1N at pH 7.00 decreases in the order
Cuavailable > Znavailable > Mnavailable (Table 4). These
levels are in agreement with those reported by
Kabata-Pendias & Mukherjee, (2007) [10].
Pearson coefficients which are calculated for
the available form of the micronutrients and pH are
highlighted in Table 5.
It can be seen that only available Mn has a
significant direct relationship with a distinct highly
statistically significance at 1%.
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Table 3. Pearson coefficients (r) between amounts the total of trace elements
Mntotal Cutotal Zntotal pH
Mntotal 1
Cutotal 0,163# 1
Zntotal -0,189 0.035 1
pH 0.309* 0.207# 0.166# 1
*For r ≥ 0.2960, significant direct relationship, statistically significant at the 5%, for N=32
**For r ≥0.349, significant direct relationship, distinct highly statistically signi ficant at 1%, for N=32
#not significant statistically
Table 4. Enrichment ratio values of available metals concentration related to maximum micronutrient supplying values,
regulated by RISSA Methodology (Florea et al., 1987).
Cuavailable Mnavailable Znavailable
Minimal times exceeding 4.63 2.78 9.40
Maximal times exceeding 13.67 7.60 44.93
Average times exceeding 7.70 4.34 20.39
Table 5. Pearson coefficients (r) for available forms of trace elements
Mnavailable Cuavailable Znavailable pH
Mnavailable 1
Cuavailable 0.323* 1
Znavailable -0.045 0.196# 1
pH 0.422** 0.304* 0.164# 1
*For r ≥ 0.2960, significant direct relationship, statistically significant at the 5%, for N=32
**For r ≥0.349, significant direct relationship, distinct highly statistically significant at 1%, for N=32
#not significant statistically
Nitrogen content and humus
Nitrogen and organic matter content of a soil
are two of the most important factors in which
concerns a mining area rehabilitation process [2,
11]. Total nitrogen was determined due to his
important role in the metabolism of plants but also
because the applied fertilizer is based on nitrogen.
The presence of nitrogen in 31.25% from the
collected sample could not be evidenced but the
obtained values range from 0.08% to 0.106% total
N. Thus the content of total nitrogen was below the
value of 0.100%, estimated to be a very low content
[6, 16].
It is known that humus is the main source and
reserve of soil nutrients and it is also an important
factor in determining soil fertility [15]. Assessment
of the humus content was evaluated according to the
textural class of the soil. The results show an
extremely low to low content, with values raging
from 0.073% to 0.896% [6, 16].
4. Conclusions
This study highlights the presence of several
toxic elements in soil and also the possibility of
their transfer in food chain. It also reveals the
importance of use of amendments and nutritive
elements mostly provided by organic sources.
In accordance with national legislation
provisions, the total amounts of the studied metals
exceed the levels considerer as typical for soils.
Also the determined values of the available forms of
these metals exceed the maximum allowable values
for an excessive supply of the soils for agricultural
purposes. However, concerning the available
fraction of metals (evaluated as micronutrients)
relative to the normal levels in soils there is no
exceeding of these levels in any of the sampling
points for copper and manganese.
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The prevalently slightly acidic conditions of
the soil, the extremely low values of total nitrogen
and humus content, and the considerable amounts of
metals in the total and available fraction indicate the
necessity to carry out a continuous monitoring
program and the implementation of more effective
protective solutions in an area with high proximity
to urban center.
This study also reveals the necessity of
multidisciplinary approach in the rehabilitation of
mining areas with especially focus on future
interventions. A long-term monitoring period and
maintenance seems to be essential to the success of
the rehabilitation processes. The integration and
comparison of data from different places are crucial
to acquire knowledge and expertise in dealing this
kind of environmental situations.
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